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EHYHO JHDUV DUH ZLGHO\ XVHG LQ DXWRPRELOH GLIIHUHQWLDO PHFKDQLVPV DQG RWKHU SDUWV RI LQWHUVHFWLQJ D[LV
WUDQVPLVVLRQ ,WV WUDQVPLVVLRQ TXDOLW\ ZLOO GLUHFWO\ DIIHFW ZRUNLQJ SHUIRUPDQFH RI WKH SDUWV :LWK WKH
GHYHORSPHQW RI KLJKVSHHG DQG KHDY\ORDG RI JHDUV LW LV QDWXUDOO\ WKDW JHDUPHFKDQLVPZLOO ERXQG WR SXW
IRUZDUGKLJKHUUHTXLUHPHQWVRIWKHDFFXUDF\RIWUDQVIHUPRWLRQWUDQVPLVVLRQVWDELOLW\DQGORDGXQLIRUPLW\WR
JHDUWKHUHIRUHLWLVQHFHVVDU\WRGRLQGHSWKUHVHDUFKRQJHDU¶VWUDQVPLVVLRQFKDUDFWHULVWLFV
'XHWRJHDUV\VWHPLVWKHHODVWRPHULQDFWXDOZRUNJHDUSDLUZLOOSURGXFHDOOVRUWVRIGHIRUPDWLRQLQWKH
FRXUVHRIPHVKLQJVRWKHJHDUSDLU¶VDFWXDOZRUNLQJVWDWHGHYLDWHIURPWKHRUHWLFDOZRUNLQJVWDWHIUHTXHQWO\
ZKLFK PDNHV JHDU SDLU JHQHUDWH VHULRXV SKHQRPHQRQ RI PHVKLQJ LQWHUIHUHQFH DQG LPSDFW DV ZHOO DV HQG
FRQWDFW(YHQLIWKHZKROHWRRWKFRQWDFWDOVRGXHWRWKHXQHYHQORDGGLVWULEXWLRQFDXVHVWKHGLIIHUHQWHODVWLF
GHIRUPDWLRQDORQJWRRWKZLGWKUHVXOWLQORFDOVWUHVVFRQFHQWUDWLRQPHDQZKLOHDSSHDUVWKH³HGJHHIIHFW´7KHVH
HIIHFWVZLOOUHGXFHWKHEHDULQJFDSDFLW\RIJHDUVDQGZLOOOHDGWRVHYHUHPHVKLQJIDLOXUH
3UDFWLFHVKRZVWKDWWKURXJKLPSURYLQJJHDU¶VPDFKLQLQJDFFXUDF\PDNLQJJHDUWRRWKDVFORVHDVSRVVLEOH
WR WKH WKHRUHWLFDO WRRWK LQVWHDGFDQQRW LPSURYHPHVKLQJSHUIRUPDQFHEXWDOVRZLOO LQFUHDVHPDQXIDFWXULQJ
FRVW1HYHUWKHOHVV WKURXJK FRDWLQJRI JHDU¶V VXUIDFHZLOO LQFUHDVH WUDQVPLVVLRQGDPSLQJ>@ WKHUHIRUH LW LV
QHFHVVDU\WRPRGLI\WRRWKWRLPSURYHPHVKLQJLPSDFWDQGVWUHVVFRQFHQWUDWLRQLQPHVKLQJSURFHVV
3UHYLRXVJHDUFRQWDFWDQDO\VHVDUHRIWHQEDVHGRQ WKHDQDO\WLFDOPHWKRGDQGVWDWLFQXPHULFDO VLPXODWLRQ
KRZHYHU WKHVHPHWKRGVFDQQRWEHJRRGDW UHIOHFWLQJ WKHDFWXDOPHVKLQJVWDWHDQGG\QDPLFUHVSRQVH>@ ,Q
WKLV SDSHU EDVHG RQ H[SOLFLW G\QDPLF FRQWDFW DQDO\VLV ZLWK $16<6  /6'<1$ JHWWLQJ WKHPRGLILFDWLRQ
LQIOXHQFHRQPHVKLQJSHUIRUPDQFHRIWKHVWUDLJKWEHYHOJHDUSDLUDQGWKHQJHWWLQJWKHEHVWPRGLILFDWLRQIRUP
DQGWKHRSWLPDOPRGLILFDWLRQSDUDPHWHUVVXLWDEOHIRUFRQGLWLRQVRIWKLVDUWLFOH
7KHPRGLILFDWLRQRIVWUDLJKWEHYHOJHDU
,Q RUGHU WR DYRLG ³HGJH HIIHFW´ DOOHYLDWH WKH PHVKLQJ LPSDFW DQG UHGXFH WKH LQIOXHQFH GHJUHH RI WKH
WUDQVPLVVLRQ SHUIRUPDQFH RI VWUDLJKW EHYHO JHDU GXH WR DOWHUQDWLQJ ORDG DQG DVVHPEO\ HUURU ,Q WKLV SDSHU
XVLQJWZRNLQGVRIPRGLILFDWLRQPHWKRGVRIV\PPHWULFFURZQHGPRGLILFDWLRQDQGLVRPHWULFPRGLILFDWLRQWR
GHVLJQWRRWKILQDOO\E\FRPSDULQJWKHFRPSUHKHQVLYHHIIHFWRIWKHVHWZRPRGLILFDWLRQPHWKRGVDQGREWDLQWKH
EHVWPRGLILFDWLRQWRRWKIRUPDQGRSWLPDOPRGLILFDWLRQSDUDPHWHUV
6\PPHWULFFURZQHGPRGLILFDWLRQ
6\PPHWULFDO FURZQHGPRGLILFDWLRQZDV DGRSWHGRQO\ IRU SODQHWDU\ JHDU DQG WKHGUXPSRLQWZDV LQ WKH
PLGGOH RI WRRWKZLGWK7KHPRGLILFDWLRQ DPRXQWZDV GHWHUPLQHG E\ FHUWDLQ FRQGLWLRQV7KH UHFRPPHQGHG
V\PPHWULFDOFURZQHGPRGLILFDWLRQJHDU¶VIRUPXODDVIROORZV>@
' E5F 
:KHUH F5 LVDUFUDGLXVE LVWRRWKZLGWK' LVWKHDPRXQWRIV\PPHWULFFURZQHGPRGLILFDWLRQ)LJDLV
WKHVFKHPDWLFGLDJUDPRIV\PPHWULFFURZQHGPRGLILFDWLRQ
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 D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E
)LJD6\PPHWULFFURZQHGPRGLILFDWLRQE,VRPHWULFPRGLILFDWLRQ
,VRPHWULFPRGLILFDWLRQ
,VRPHWULFPRGLILFDWLRQZDVDGRSWHGRQO\IRUSODQHWDU\JHDUWKDWLVDORQJZLWKWKHSODQHWDU\JHDURULJLQDO
WRRWKVXUIDFHQRUPDOGLUHFWLRQHTXLGLVWDQWVWUHWFKHGRXWQHZWRRWKVXUIDFHZKLFKSDUDOOHOHGWRRULJLQDO WRRWK
VXUIDFHWKHSDUWRILVRPHWULFPRGLILFDWLRQPDLQWDLQHGWKHFKDUDFWHULVWLFVRILQYROXWHVXUIDFH,QRUGHUWRHDV\
GHPRXOGLQJDQGSUHYHQWDSSHDULQJWRRODUJHVWUHVVFRQFHQWUDWLRQLQSURFHVVRIQXPHULFDOVLPXODWLRQUHVXOWLQ
JHQHUDWH WKH QHJDWLYH YROXPH WR WHUPLQDWH FDOFXODWLRQ HGJH FKDPIHU RQ LVRPHWULF WRRWK VXUIDFH VKRXOG EH
WDNHQ
5HIHUHQFHV>@ KDYHSURYHG WKDW LVRPHWULFPRGLILFDWLRQ LQIOXHQFHRQJHDU¶VPHVKLQJSRLQW ORFDWLRQ DQG
PHVKLQJDQJOHFDQEHLJQRUHGLQPHVKLQJWKHRU\VRZHFDQWKLQNLVRPHWULFPRGLILFDWLRQKDVQRLQIOXHQFHRQ
JHDU¶VWUDQVPLVVLRQ)LJELVWKHVFKHPDWLFGLDJUDPRILVRPHWULFPRGLILFDWLRQ
7KURXJK WKH FKHPLFDO PLOOLQJ SURFHVV WRPRGLI\ HOHFWURGH JHDU FDQ ILQLVK LVRPHWULFPRGLILFDWLRQ>@RI
VWUDLJKWEHYHOJHDUXVLQJSUHFLVLRQIRUJLQJFDQSURGXFHVWUDLJKWEHYHOJHDURIORZFRVWDQGKLJKHIILFLHQW
2UWKRJRQDORSWLPL]DWLRQGHVLJQRILVRPHWULFPRGLILFDWLRQ
7KHRUWKRJRQDOH[SHULPHQWFDQDUUDQJHH[SHULPHQWVVFLHQWLILFDQGUHDVRQDEOH WKURXJKVWDWLVWLFDODQDO\VLV
RIWKHUHVXOWVRIDIHZUHSUHVHQWDWLYHH[SHULPHQWVFKHPHVFDQILQGRXWWKHGHJUHHLPSDFWRIYDULRXVIDFWRUVRQ
H[SHULPHQWUHVXOWVDQGJHWWKHRSWLPDOVROXWLRQ
'XHWRPRGLILFDWLRQDPRXQWPRGLILFDWLRQKHLJKWDQGPRGLILFDWLRQDUHDRILVRPHWULFPRGLILFDWLRQDUHWKUHH
GHWHUPLQDQWVIRUWKHPRGLILFDWLRQHIIHFWVRZHVHOHFWWKHVHWKUHHIDFWRUVDVWKHIDFWRUVRIRUWKRJRQDOGHVLJQ
&RQVLGHULQJ WKDWPRGLILFDWLRQ DPRXQW LV WRR VPDOO WR REWDLQ WKH GHVLUHGPRGLILFDWLRQ HIIHFW DQG H[FHVVLYH
PRGLILFDWLRQZLOO DJJUDYDWH VWUHVV FRQFHQWUDWLRQ VRZH VHOHFW WKHPRGLILFDWLRQ DPRXQW RI WKH UDQJH RI 
XPXVHHPSLULFDOPHWKRGIRUWKHJLYHQFRQGLWLRQV7KHDFFXUDF\JUDGHLVIRUILQHIRUPLQJVWUDLJKWEHYHO
JHDUVLQWKLVSDSHUWKHHIIHFWLYHPHVKLQJDUHDRIWRRWKLVGHWHUPLQHGDVIROORZVWKURXJKFRQVXOWLQJWKHJHDU
PDQXDODORQJWKHWRRWKOHQJWKGLUHFWLRQLVRIWRRWKZLGWKDORQJWKHWRRWKKHLJKWGLUHFWLRQLV
 RI WRRWK KHLJKW>@ 7KH VL]H DQG WKH DUHD RI WKH LVRPHWULF PRGLILFDWLRQ DUH GHWHUPLQHG E\ HIIHFWLYH
PHVKLQJDUHD7KHVKDSHRILVRPHWULFPRGLILFDWLRQLVVPRRWKFRQQHFWHGE\WZRGHILQHGSDUDOOHOVWUDLJKWOLQHV
DQG WZR DUFV DQGPRGLILFDWLRQPRGHOV DUH HVWDEOLVKHG E\ LVRPHWULF VWUHWFKHG7KHPHVKLQJ DUHD DORQJ WKH
WRRWKOHQJWKGLUHFWLRQLVVHOHFWHGRIWRRWKZLGWKLQRUGHUWRDVPLQLPL]HVWUHVVFRQFHQWUDWLRQDVSRVVLEOH
,VRPHWULFFRQWRXUKHLJKWDVDQRUWKRJRQDOGHVLJQIDFWRU,QRUGHUWRPDNHDOOLVRPHWULFPRGLILFDWLRQDUHDVDUH
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VLPLODU WKH' VROLGPRGHOV DUH WDNHQDQGRIKHLJKW LQPLGGOH WRRWKZLGWKE\ LQFUHDVLQJ
LVRPHWULFPRGLILFDWLRQDUHDVVL]HLQSURSRUWLRQ$QRWKHURUWKRJRQDOGHVLJQIDFWRULVWKHPRGLILFDWLRQDUHDLWLV
GHWHUPLQHG E\ WKH FHQWHU RI LVRPHWULFPRGLILFDWLRQ SURILOH DOO WKHVH FHQWHUV DUH LQ WKHPLGGOH RI WKH WRRWK
KHLJKWEXWDORQJWKHWRRWKZLGWKGLUHFWLRQDUHWDNHQQHDUWKHVPDOOHQGDERXWRIWRRWKZLGWKQHDUWKHELJ
HQGDERXWRIWRRWKZLGWKDQGWKHPLGGOHRIWRRWKZLGWK
7KHVHOHFWLRQRIRUWKRJRQDOWDEOHLV/HDFKRIWKHVHIDFWRUVKDVWKUHHOHYHOV7DEOHLV WKHWDEOHRI
RUWKRJRQDOH[SHULPHQWIDFWRUVDQGOHYHOV
7DEOH7KHWDEOHRIRUWKRJRQDOH[SHULPHQWIDFWRUVDQGOHYHOV
)DFWRUV
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7KURXJK³(TXDWLRQGULYHQFXUYH´JHQHUDWHGDFFXUDWHVSDWLDOVSKHULFDOLQYROXWHE\6ROLG:RUNVDFFRUGLQJWR
WKH EDVLF VWUXFWXUDO SDUDPHWHUV RI VWUDLJKW EHYHO JHDU DQG WKURXJK ³ERXQGDU\ VXUIDFH´ JHQHUDWHG WKH WRRWK
VXUIDFH DQG WKHQ ILQLVKHG WKH DFFXUDWH ' PRGHOV E\ RSHUDWHV VXFK DV ³PLUURU´ ³URWDWH´ ³DUUD\´ DQG
³VWUHWFK´ $FFRUGLQJ WR UHTXLUHPHQWV RI RUWKRJRQDO H[SHULPHQW HVWDEOLVKHG QLQH GLIIHUHQW FRPELQDWLRQV RI
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IDFWRUVDQGOHYHOVRILVRPHWULFPRGLILFDWLRQPRGHOV$WODVWYLUWXDODVVHPEO\RIJHDUSDLUVZHUHHVWDEOLVKHGVR
DVWRQXPHULFDODQDO\VLV)LJDLVWKHDVVHPEO\RIWKHVWUDLJKWEHYHOJHDUSDLU
 
)LJD7KHDVVHPEO\RIVWUDLJKWEHYHOJHDUSDLUE7KHEORFNGLDJUDPRIG\QDPLFFRQWDFW)($
(VWDEOLVKPHQWRIJHDUFRQWDFWILQLWHHOHPHQWPRGHO
&RPSOHWH PRGHOV ZHUH XVHG WR G\QDPLF FRQWDFW )($ ZLWK $16<6  /6'<1$ VR DV WR LPSURYH WKH
VLPXODWLRQDFFXUDF\
7KHVWUDLJKWEHYHOJHDUPDWHULDOVLV&U0Q7L+LQWKLVSDSHUZLWKHODVWLFPRGXOXVLV*3DGHQVLW\RI
JHDULVîNJP3RLVVRQ¶VUDWLRLV7KHDVVHPEO\ZDVLPSRUWHGLQWR$16<6/6'<1$LQPDQQHU
RI³3DUDVROLG´&RPSOHWHGVHWXSRIPDWHULDOSURSHUWLHVE\WKHJLYHQSDUDPHWHUVHOHPHQWW\SHRIVROLGDQG
VKHOOZHUHXVHGWKHHODVWRPHULFPRGHOVZHUHPHVKHGE\VROLGGXHWRVROLGGLGQRWKDYHURWDWLRQDO
GHJUHHVRIIUHHGRPLQ/6'<1$LWQHHGVZLWKWKHVKHOOVKDULQJQRGHVVRDVWRDSSO\DQJXODUYHORFLW\DQG
WRUTXH WR JHDU SDLU>@ VR ZH VKRXOG GHILQH WKH LQQHU ULQJ RI JHDUV DV ULJLG WKHQ WKH\ ZHUH PHVKHG E\
VKHOO6XEVHTXHQWO\GHILQHG3$57DQGFRQWDFWDSSOLHGORDGVDQGFRQVWUDLQWVVHWVROXWLRQSDUDPHWHUVDQG
RXWSXWFRQWUROSDUDPHWHUVDQGWKHQ.ILOHZDVLPSRUWHGLQWR/6'<1$VROYHUWRVROYH)LJELVWKHEORFN
GLDJUDPRIG\QDPLFFRQWDFW)($
$QDO\VLVRIWKHVLPXODWLRQUHVXOWVRIRUWKRJRQDOH[SHULPHQWRILVRPHWULFPRGLILFDWLRQ
:HWRRN WKHPD[LPXPFRQWDFWVWUHVVRQGULYHQJHDU¶V WRRWK WLSDVH[SHULPHQW LQGH[ZKHQPHVKLQJ LQWR
DQG WKHQ DUUDQJHG H[SHULPHQWV EDVHG RQ RUWKRJRQDO WDEOH 8VLQJ GHGLFDWHG SURFHVVRU /63UHSRVW IRU /6
'<1$REWDLQHGDQJXODUDFFHOHUDWLRQDQGFRQWDFWVWUHVVDQGWKHQJRWWKHLQIOXHQFHRIPHVKLQJSHUIRUPDQFHRI
VWUDLJKWEHYHOJHDUSDLUZLWKGLIIHUHQWPRGLILFDWLRQSDUDPHWHUV
7KURXJK UDQJH DQDO\VLV RI UHVXOWV RI RUWKRJRQDO H[SHULPHQW LW ZDV VKRZHG WKDW SULPDU\ DQG VHFRQGDU\
RUGHU RI $ % DQG & ZDV %! $! & IRU LPSDFW RQ H[SHULPHQW LQGH[ 7KH RSWLPDO LVRPHWULF PRGLILFDWLRQ
SDUDPHWHUVZDV$%&LQVSHFLILFFRQGLWLRQRIWKLVDUWLFOH7KHDPRXQWRIV\PPHWULFFURZQHGPRGLILFDWLRQ
ZDVXPWRR
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2Q WKH EDVLV RI WKH LVRPHWULF PRGLILFDWLRQ SDUDPHWHUV $%& DQG V\PPHWULF FURZQHG PRGLILFDWLRQ
SDUDPHWHUVDVGHVFULEHGDERYHPRGLILFDWLRQPRGHOVZHUHHVWDEOLVKHGRQFHDJDLQIRUG\QDPLF)($
$QDO\VLVRIWKHVLPXODWLRQUHVXOWVRIV\PPHWULFFURZQHGPRGLILFDWLRQDQGLVRPHWULFPRGLILFDWLRQ
7KURXJK DQDO\]LQJ WKH VLPXODWLRQ UHVXOWV RI RSWLPDO LVRPHWULF PRGLILFDWLRQ JHDU SDLU DQG V\PPHWULF
FURZQHG PRGLILFDWLRQ JHDU SDLU WKHQ JHWWLQJ WKH WLPH KLVWRU\ LQIRUPDWLRQ RI DQJXODU DFFHOHUDWLRQ %\
FRPSDUHG )LJ  )LJ  DQG )LJ  ZH FDQ ILQG WKDW ERWK V\PPHWULF FURZQHGPRGLILFDWLRQ DQG LVRPHWULF
PRGLILFDWLRQFDQDOOUHGXFHPHVKLQJLQWHUIHUHQFHDQGLPSDFWLQWKHSURFHVVRIJHDUPHVKLQJGXHWRWKH\FDQ
HIIHFWLYHO\FRPSHQVDWHDOONLQGVRIHODVWLFGHIRUPDWLRQRIJHDUSDLU7KHH[WUHPHYDOXHRIDQJXODUDFFHOHUDWLRQ
GURSIURPîUDGVWRîUDGVDIWHUV\PPHWULFFURZQHGPRGLILFDWLRQWKHLPSURYHPHQWHIIHFW
RI LPSDFW DERXW  :KLOH WKH H[WUHPH YDOXH RI DQJXODU DFFHOHUDWLRQ GURS IURP îUDGV WR
îUDGV DIWHU LVRPHWULF PRGLILFDWLRQ WKH LPSURYHPHQW HIIHFW RI LPSDFW DERXW  ,VRPHWULF
PRGLILFDWLRQ FDQ LPSURYH LPSDFW PRUH HIIHFWLYH FRPSDUHG WR V\PPHWULF FURZQHG LQ WKH FRXUVH RI JHDU
PHVKLQJ

)LJ$QJXODUDFFHOHUDWLRQRIWKHQRGHRQKDOID[OHJHDU¶VWRRWKWLSEHIRUHPRGLILFDWLRQ

)LJ$QJXODUDFFHOHUDWLRQRIWKHQRGHRQKDOID[OHJHDU¶VWRRWKWLSDIWHUV\PPHWULFFURZQHGPRGLILFDWLRQ
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
)LJ$QJXODUDFFHOHUDWLRQRIWKHQRGHRQKDOID[OHJHDU¶VWRRWKWLSDIWHULVRPHWULFPRGLILFDWLRQ
8VXDOO\VWUHVVFRQFHQWUDWLRQUHVXOW IURPWKHKHWHURJHQHLW\RIORDGGLVWULEXWLRQDORQJ WKH WRRWKZLGWKDQG
WKH³HGJHHIIHFW´LQWKHFRXUVHRIJHDUPHVKLQJ)LJLVWKHFRQWDFWVWUHVVGLVWULEXWLRQLQWKHFRQGLWLRQRIQR
PRGLILFDWLRQV\PPHWULFFURZQHGPRGLILFDWLRQDQGLVRPHWULFPRGLILFDWLRQ
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&XUYH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&XUYH,VRPHWULFPRGLILFDWLRQ
&XUYH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C
)LJ&RQWDFWVWUHVVGLVWULEXWLRQDORQJWRRWKZLGWKRIQRPRGLILFDWLRQV\PPHWULFFURZQHGPRGLILFDWLRQDQGLVRPHWULFPRGLILFDWLRQ
7KHUHVXOWV LQGLFDWH WKDWJHDUKDV WKHVHULRXV³HGJHHIIHFW´GXH WRVKHDULQJDFWLRQEHIRUHPRGLILFDWLRQ LQ
WKLV SDSHU DQG WKH FRQWDFW VWUHVV RI ELJ HQG LV ODUJHU WKDQ VPDOO HQG 7KURXJK V\PPHWULF FURZQHG
PRGLILFDWLRQ WKH FRQWDFW VWUHVV LVPDLQO\ FRQFHQWUDWHG LQ WKHPLGGOHRI WKH WRRWKZLGWK DQG WKHPD[LPXP
FRQWDFW VWUHVV LV ORZHU WKDQ ³HQGFRQWDFW´ VWUHVV&RQWDFW VWUHVV LVPDLQO\FRQFHQWUDWHG LQ WKHPLGGOHRI WKH
WRRWKZLGWKQHDU WKHVPDOOHQGDERXWRI WRRWKZLGWKDIWHU LVRPHWULFPRGLILFDWLRQ WKHPD[LPXPFRQWDFW
VWUHVV LV ORZHU WKDQ ³HQG FRQWDFW´ VWUHVV WRR7KHVH WZRPRGLILFDWLRQPHWKRGV FDQ DOO DYRLG ³HGJH HIIHFW´
FDXVHGE\VKHDULQJDFWLRQDQGPDNH ORDGGLVWULEXWLRQ LVPRUHXQLIRUPWKDQQRPRGLILFDWLRQVR LQFUHDVH WKH
EHDULQJ FDSDFLW\ RI JHDU SDLU %\ FRPSDULVRQ RI WKH PD[LPXP FRQWDFW VWUHVV RI V\PPHWULF FURZQHG
PRGLILFDWLRQ JHDU SDLU DQG LVRPHWULF PRGLILFDWLRQ JHDU SDLU ZH FDQ ILQG WKDW LVRPHWULF PRGLILFDWLRQ JHDU
SDLU¶VYDOXHLVORZHUWKDQWKHYDOXHRIV\PPHWULFFURZQHGPRGLILFDWLRQJHDUSDLU7KHFRQFOXVLRQFDQDOVREH
REWDLQHG E\ )LJ  WKDW WKH ORDG GLVWULEXWLRQ RI LVRPHWULF PRGLILFDWLRQ JHDU SDLU LV EHWWHU WKDQ V\PPHWULF
FURZQHGPRGLILFDWLRQJHDUSDLUEHFDXVHRIQHDUWKHVPDOOHQGDERXWRIWRRWKZLGWKLVWKHEHVWFRQWDFWDUHD
IRUVWUDLJKWEHYHOJHDU7KHUHIRUHWKHEHDULQJFDSDFLW\RILVRPHWULFPRGLILFDWLRQJHDULVVXSHULRUWRV\PPHWULF
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FURZQHGPRGLILFDWLRQ
)URP WKH DQDO\VHV DERYH ZH FDQ FRQFOXGH WKDW WKH LVRPHWULF PRGLILFDWLRQ LQ LPSURYLQJ PHVKLQJ
LQWHUIHUHQFH DQG LPSDFW DV ZHOO DV ORDG GLVWULEXWLRQ DVSHFWV DOO DUH EHWWHU WKDQ V\PPHWULF FURZQHG
PRGLILFDWLRQWKHUHIRUHLWLVREYLRXVWKDWWKHFRPSUHKHQVLYHSURSHUWLHVRILVRPHWULFPRGLILFDWLRQLVEHWWHUWKDQ
V\PPHWULFFURZQHGPRGLILFDWLRQLQWKLVSDSHU
&RQFOXVLRQ
7KLV SDSHU SXWV IRUZDUG WZR PRGLILFDWLRQ PHWKRGV WR LPSURYH PHVKLQJ LPSDFW DQG ³HGJH HIIHFW´ LQ
PHVKLQJ SURFHVV RI VWUDLJKW EHYHO JHDU SDLU XVLQJ RUWKRJRQDO H[SHULPHQW WR RSWLPL]H WKH LVRPHWULF
PRGLILFDWLRQ SDUDPHWHUV 7KUHHGLPHQVLRQDOPRGLILFDWLRQPRGHOV DUH HVWDEOLVKHG E\6ROLG:RUNV%DVHG RQ
G\QDPLFFRQWDFW)($ZLWK$16<6/6'<1$WRUHIOHFWWKHVWUHVVDQGDFFHOHUDWLRQRIJHDUPHVKLQJSURFHVV
WRYDOLGDWHWKHHIIHFWRIPRGLILFDWLRQDQGRSWLPL]HPRGLILFDWLRQSDUDPHWHUV
7KURXJKDQDO\]LQJWKHUHVXOWVRIG\QDPLFFRQWDFWVLPXODWLRQDQGFRPSDULQJWKHFRPSUHKHQVLYHSURSHUWLHV
RIV\PPHWULFFURZQHGPRGLILFDWLRQZLWKLVRPHWULFPRGLILFDWLRQ WKHFRQFOXVLRQFDQEHPDGHWKDW WKHVHWZR
PRGLILFDWLRQPHWKRGVFDQDOOLPSURYHWKHPHVKLQJLPSDFWDQGDYRLG³HQGFRQWDFW´LQPHVKLQJSURFHVVRIJHDU
SDLU%XWWKHLPSURYHPHQWRIFRPSUHKHQVLYHSURSHUWLHVRILVRPHWULFPRGLILFDWLRQLVGLVFXVVHGDERYHLVPRUH
HIIHFWLYH WKDQ V\PPHWULF FURZQHG PRGLILFDWLRQ IRU VWUDLJKW EHYHO JHDU 7KH FRQFOXVLRQ FDQ SURYLGH VRPH
UHIHUHQFHVIRUSHUIHFWLQJLVRPHWULFPRGLILFDWLRQWKHRU\RIVWUDLJKWEHYHOJHDU
$FNQRZOHGJHPHQWV
7KLV SDSHU LV IXQGHG E\ 6KDQGRQJ 3URYLQFH1DWXUDO 6FLHQFH )XQG<) DQG 6KDQGRQJ 3URYLQFH
6FLHQFH	7HFKQRORJ\'HYHORSPHQW3URJUDP**;
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